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PART SEQUENCING SYSTEM 

t 

The preseat invention relates to a part sequencing system which is designed to 
provide a manufacturer wi& a standard basdine system to sequence parts to 
customers pursuant to any given assembly sequence. Accordingly, the system h^ein 
has ttie ability to be customized for any given site assembly sequence, via the i^e of 
object oriented programming techniques and set-up files. The syst^ herein 
possesses the ability to transmit via the Internet messages containing pertin^ 
manufacturmg data or events to any number of aiidiorized clients. Clients herein 
include other part sequencing systems, ERP systems, data bases, browsers, etc. These 
messages allow &e user of the software to manage Ihdr inventory and product flow 
throughout the supply chaiiL . 

A variety of disclosures have sur&ced in the part few years dealing with 
efforts to automate inventory control. For example, in U.S. Patent No. 5,644,725, 
Kititled "Computerized Inveiitory Monitoring and Verificatioa System and Method*' 
th^ is/disclosed a system and method for monitoring and verifying inventory. The 
system comprises a portable coinputer and modem all "cabled^ together and 
maintained in a. cairyiag case. The portable computer communicates with a 
mainframe computer on which certain dealer inventory information is maintained 
Softyvarej residing on a disk which is accessible by the portable computer, allows for 
flie input of dealer codes which are used to identify inventory information which is 
downloaded from the mainframe computer to the portable computer. The inventory 
information is used to support an audit of the dealer's inventory. The system provides 
an auditor with an up-to-date record of a dealer's current inventory. Hie system also 
provides the auditor with a device for printing out a checklist for use in undertaking 
the inventory, for preparing reconciliation reports for verifying the auditor's findings 
with the dealer and an ixxpnt for inputting the results of the inventory. Ultimately, a 
final inventory report can be printed which includes the present status of all inventory 
items and any and aU charges collected 

In United States Statutory Invention Registration HI 743, eiititied 'Tnventory 
Management Method and Apparatus", there is disclosed a method and apparatus for 
inventory monitoring a supply consumed in the manufacturing of a finished product. 
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An inventory managemeat system monitors the quantity of supplies in a storage 
fedlity. Based upon historical data related to the rate of usage of supplies, tiie 
inventory management system determines the period of time until the stored supplies 
are depleted. If the supplies are depleted prior to a next scheduled delivery of 
replacement supplies, the inventory management system communicates with the 
supplier to move ahead the delivery date. Conv^ely, if the inventory management 
system determines that supplies are being consumed at a rate lower than projected, the 
inventory management system will instruct the supplier to delay a shipment date. 
Personnel may access the system from a local location .or remote location. In 
addition, an alarm is activated when there is a sudden change in &e rate of usage of 
the stored supplies. Provisions are included for detecting the receipt of replacement 
supplies in order to au&orize payment 

Attention's also directed to U.S. Patent No. 6,049,742, entitled 'Trojected 
Supply Planning Matohing Assets with Demand in Microelectronics Mami&cturing'\ 
As recited therein, a system is disclosed related to computer-iniplemented planning 
resources and decision-support tools anid, more particularly, to a tool in which core 
production planning information is provided to a solver which generates a feasible 
projected supply plan (PSP) that meets user guidelines. The system is said to generate 
an intelligent PSP mateh between &dstmg assets and demands across midltiple 
manufacturing &cilities within the boundaries established by the manufactoring 
^ecifications, process flow and business policies. 

As can therefore be seen from the above, various industries are exploring new 
techniques to develop computer-based methodology to improve inventory monitoring. 
Along such lines, on-going efforts are directed at the development of better and more 
fl^cible procedures for manu&cturers to automate fteir conmiunication to a given 
supplier such that a supplier can more efSciently sequence and deliver parts in actual 
assembly sequence. 

For example, the current trend m the automotive mdustry is to reduce 
inventory and costs by outsourcing component assembly work. Outsourcing 
assembly work reduces the work force requirements of the OEM assembly plant To 
accomplish the goal of reduced inventories, these assemblies are tibien sent to the 
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assembly plant in the order in which they will be consumed Receipt of material in 
the order it is used on the assembly line ehnunates the need for inventory at the work 
station. This method of ordering, called "sequencing" has therefore moved "Just-in- 
Time" to a next and higher level of inventory administration. 

Accordingly, it is an object of this invention to recognize the above referenced 
industry development regarding sequencing, and to develop a part sequencing system 
(PSiS) to provide a manufacturer with a standard baseline system to sequence parts to 
the customer in accordance with customer ass^nbly sequence requirements. 

In addition, it is also an object of this invention to develop such a PSS which 
will provide a more cost effective system that can be employed by all manu&cturing 
operations in a given company, regardless of the end customer and such customer's 
particular requirements. 

It is also an object of this invention to develop a PSS which will improve the 
shipment accuracy of the manufacturer and therefore increase end customer 
satis&ction, and which will simultaneously provide a system with increased uptime, 
and a system which does not force an individual manu&cturing site tq use a particular 
type of hardware, but which allows each individual manu&cturer to select any given 
hardware as may be desired 

Finally, in addition to the above, it is also an object of this invention to 
develop such PSS which can be customized to fill each manu&cturing site's specific 
needs, and to include a variety of options for the manu&cturer through the use of siich 
features as object oriented programming techniques and set-up files. 

In accordance with the present invention, &ere is provided a system and 
me&od for sequencmg parts to customers in assembly sequence. Accordingly, the 
present invention comprises a supply monitoring and delivery system comprising a 
central computer system comprising a central processing means for receiving and 
collecting manu&cturing assembly data from a plurality of customers in customs: 
specified assembly sequence. The central processmg means contains means for 
storing said collected data in said customer specified assembly sequence. In addition, 
the system herein contains a means for outputtiag said collected data in said customer 
specified assembly sequence. The outputting of said collected data includes, but is 
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not limited to, customer specific part assembly sequence requirmiCTits, such as 
selection of the appropriate parts &om inventory, the packaging and shipping such 
parts in containers in a customer desired order, and/or the creation of bar coding 
labels for the parts. In such &shion, the verification of packing sequence by scanning 
of the bar code labeling is made possible, therein , insuring that shipments to the 
customer have no mislabels and/or out-of-sequence part deliveiy. 

Accordingly, in one embodiment fiie present invention comprises a simply 
monitoring and delivery system, comprising a central conq)uter system comprising a 
central processing means &r receiving and collecting manu&cturing assembly data in 
a customer specified assembly sequence £com a plurality of customers, the central 
processing means conq)rising a means for storing said collected data, and a means for 
outputting said collected data, the outputting of said collected data comprising 
customer q)ecific part ass^bly sequence requir^i^ 

In a second embodiment, the present invention conq)rises a part sequencing 
system, cdnq)rising a receiver for receiving customer requirements and an indication 
of the order in which the requirements will be consumed, a database coi^led to the 
receiyer for storing the customer requirements and the indication of the order in which 
the requirements will be consumed, a program for generating a packaguig sequence 
based on the customer requirements and the indication of the order in which the 
requirements will be consumed, an ou^ut device for communicating the packaguig 
sequence in order to package the customer requirements in a container, an ovdpvt 
device for generating a sequence identifier for the container based on tihie order in 
which the requirements will be consumed, and an input device for scanxiing the 
sequence identifier and an item identifier to confirm the item is in a proper sequenced 
container. 

in a third embodiment the present invention also comprises a method of 
sequencing parts, comprising the steps of receivmg a request for a plurality of items 
of inventory to be delivered m a specified sequence, retrieving the items from 
inventoiy, packaging the items of inventory in a container, labeling the container with 
a sequence identifier, and loading fiie containers on a vehicle based on flie sequence 
identifier. 
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FIG* 1 is a block diagram of the part sequ^dng system according to a 
preferred embodimmt of the invention. 

FIG. 2 is a block diagram providing a technical overview of the part 
sequencing system of the present invention. 

FIG. 3 illustrates how a client of the part seqoendng system obtains access to 

data. . 

FIG. 4 illustrates the different objects of the part sequencing system 
distributed system^ 

To iUustrate the features of the invention, reference is made to the sequencing 
of parts fiom an automotive supplier to an OEM This reference should not be 
construed as a limitation on the application of fliis system and method to ofter 
manu&cturmg situations. 

As noted , above, the overall system and method of the present invention 
provides a PSS for a maim&cturer thereby creating the ability to sequence parts to a 
phnality of customers in accord with customer mam^cturing assembly sequence. 
The system herein has the ability to be customized to fill each customer's site-specific 
needs. Through the use of tiie inveintion's scriptmg language, each nianu&cturmg site 
has the ability to decide which business rules will be enabled for a giyen proems. For 
example, customer #1 requires each truck to be; Ibaded so that when it arrives at the 
customer facility, the first part off the tmck is Ihe lowest sequence number (first to be 
produced from this delivery). Conversely, Customer H2 wants the first part off the 
truck to be the highest sequence number Qjast one in this delivery to be produced). 
This invention allows the manu&cturer to satisfy both customer #1 and customer ^'s 
requirements simultaneously with a single syst^n. In fact, differing manufacturing 
processes can be utilized in conjunction with the differing customer requirements. 
Using the previous example, differing degrees of mistake proofing can be 
incorporated into the system by requiring part verification scaxming or other mistake 
proofing techniiques. These internal rules can be blended witii customer rules to create 
the business process tihat provides the best value. 
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A unique concept incorporated into &e PSS is tiie mefliod in which the 
business process customization is attained. Radier than creating specific con[Q)uter 
code and setting values (parameters) for all the variables that can be considered of 
during the design phase, the PSS herein utilizes a script language that allows the end 
user to create the computer program without programming knowledge. By simply 
choosing functions that need to. be perfotmed, in the order that they need to be 
performed, the computer code is automaticaily assembled into a wozking PSS. This 
methodology not only ntiakes it easier for the manu&cturer to define the business 
processes required and changes whoi needed, but it allows for rapid deployment of 
said systems since thm is no customized programmuig. 

The PSS herein may run on a Microsoft Windows NT/2000 platform with a 
Mcrosoft SQL Serv^ database. The shop floor terminals may be any computing 
device that can nm a Java Virtual Machine (JVM) or support a Virtoal Terminal (VT) 
emuklion such as PC's, thin cUents, terminals or RF bar codes scanners. 

The PSS herein interfaces with the sequencing center's ERP/MRP (Enterprise 
Resource Planning/Manufacturing Resource Planning) system or can be iised in stand- 
alone mode. The PSS is designed to accommodate smgle data input Once 
ihfonnation has been inpul^ e.g., a new part number into the ERP system, tiieie is no 
iieed to have users enter the data into a separate database. This eliminates the costly 
redimdancies of separate databases systems and ^ing eirors made by keyboard 
input 

As noted, flie PSS herein can make use of bar coding to insure accuracy .of the 
shop floor transaction. The creation of labels through the sequencing process and the 
scanning of product labels as manufacturing proceeds keeps PSS in communication 
with actual product assembly. Product found to be defective can now be 
automatically replaced at the first available opportunity. 

In addition, the verification of packing sequence is readily accomplished by 
scanning of the previously applied bar code labels. This then ensures that sh^ments 
to &e customer have no mislabels or outrof-sequence part delivery. Furthermore, the . 
PSS herein provides traceability and mistake proofing capability. For example, with 
respect to traceability, many products that are sequenced have safety-related it^ns 
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installed. Traceability therefore requires that manu&cturing process information for 
safety compon^ts be maintained in the event of an accident. The traceability 
mformation is now herein conveniently stored in an information database where it is 
easily accessible if the need arises. 

With regards to mistake proofing, such feature now made possible herein, is 
yet another enhancement to the manu&cturing process. In such regard, it can be 
appreciated that human error accounts for ttie majority of shipping errors at a givm 
sequencing center. For example, an incorrect part is selected, a label is placed on the 
wrong shipping container, etc. Via ttie use of the herein described PSS, in 
conjunction with bar code scanning and, double user input verification, the system 
herein prevents users firom inadvertent mistakes. 

FIG. 1 herein provides a system overview of the present invention, in 
ex^plary embodiment, as applied to different customers in connection automotive 
assembly manufacture. As shown therein, central to the system is the shop-floor- 
sequencing (SFS). database, which accepts data in customer specified order. More 
specifically, and by way of example only, customer #1 is shown as requiring firont and 
rear fascia conq)onents, with its own developed proprietary broadcast protocol. Such 
proprietary broadcast protocol is sent through a data translator directly to the SFS 
database. Alternatively, customer #1 can also send requirements to the SFS database 
via standard EDI or XML for planning purposes, wherein such requirement passes 
through a common data translator. 

. Simultaneous to the above, customer #2 is shown as requiring a coclq)it 
instrument panel component (IP). Customer #2 can send its requirements via standard 
EDI or XML, again, through the common data translator and into the SFS database. 
In addition, customer # 2 is shown requiring headliner product, and also sends its 
requirements though the common data translator into the SFS database. Customer # 3 
is shown requiring driver and passenger door components, and as indicated, has opted 
to employ a proprietary broadcast protocol Accordingly, customer #3's broadcast 
protocol proceeds through a data translator and then into the SFS database. 

With attention directed at the SFS database, it is worth noting fhat such 
database may extend into communication with another supplier. If such siqyplier is 
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making use of the SFS herein, then the SFS acts to simultaneously provide such 
supplier with the end-user customer requirements. Accordingly, numerous siq)pliers 
can be configured to report into the SFS database, so Hiat such siippliers can similarly 
sequence parts to the customer in desired sequence requirements. 

Once aU input information is received, the SFS Database can then ou^ut 
customer ^ecific requirements, such as directing the selection and packmg of correct 
parts to aind fiom inventory, as weU as the loading of tracks with the correct 
containers in the correct order, as required by the customer. At such pohit, the SFS 
Database can also create corresponding bar coded shipping labels for the selected 
parts, and electronically rq)ort to the customer and or internal ERP system via SFS 
scripts. 

As can therefore be seen fiom the above, the system herein provides 
manufacturing sites with a computerized system to provide: VINf sequenced parts to 
customers via the use of: broadcast signals (standard or.non-standard EDI) &om the 
customer; manufacturing requirements based on customer forecast traceability 
capability; xnistake-proofing capability; pack-out list for contaiaer sequencing; bar 
code scan of parts for correct sequence verification; bar code scan of shipping 
containers for shipment verification; genemtloiis of advanced shipping notices;; EDI 
reporting indicating tfiat parts were consmned in desigciated sequence. 

As noted ahove, FIG. 2 provides a technical overview of the part sequencing 
system distributed system. The figure is self-explanatory, in &e sense that it 
illustrates the coramunication relationships betv/een the di£Eerent objects of the. part 
sequencing system. The connection requirements are shown to be TCPIP. as the 
'Tiard" cormection and Java RMI as the "soft" connectioii. 

FIG. 3 illustrates how a client of the part sequencing system obtains access to 
data, llie Routing Manager service monitors the network for valid connected clierits 
and keeps track of what data is sent to and received by which client. Remote clients 
can run systems scripts to decode data and perform actions. The utilization of scripts 
is a key to the system as it processes data. Scripts will contain data and state 
variables. 
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Finally, FIG. 4 shows the different objects of the part sequencing system 
distributed systeoL Each object has a specific function that can be utilized by any 
client of the system. Each object may have specific relationships with other objects. 
For example, the Label Manager performs the label printing task. The Routing 
Manager controls information flow throughout the system. The Data Manager is used 
to control flie shop floor and the three primary operations performed on the floor, 
selecting parts, packing parts, and shipping parts. 
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What is claimed is: 

1. A supply monitoring and delivery system, comprising: 

a central conq>uter system comprising a central processing means for receiving 
and collecting manu&cturing assembly data in a customer specified assembly 
sequence fcom a plurality of customers^ fbe central processing means conq)rising a 
means for storing said coUected data, and 

a means for ou^utting said collected data, the outputting of said collected data 
comprising cxistomer q)ecific part assembly sequence requirement^ 

2. The supply monitoring and delivery system of claim 1, wherein the specific 
part assembly sequence requirements con:^rise a selection of q;>propriate parts fipom 
an inventory. 

3. The supply monitoring and delivery system of claim 1, wherein the specific 
part assembly sequence requirements conq)rise packaging the parts m containers in a 
customer desired order. 

4. The siq)ply monitoring and delivery system of claim I, wherein the specific 
part assembly sequence requirements conq)rise shipping the parts in a customer 
desired order. 

5. The supply monitoring and delivery system of claim 1, wherein the specific 
part assembly sequence requiremmts comprise creating sequence identifying labels 
fortheparts. 

6. The supply monitoring and delivery system of claim 5, wherein the sequence 
identifying labels for the parts are bar codes. 

7. The supply monitoring and delivery system of claim 6, wherein the specific 
part assembly sequence requirements comprise scanning and storing in said central 
processing means the sequence identifying labels and wherein said c&tral processing 
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means stores an association between said identifying label and said customer 
specified assembly sequence, and ou^utting said collected data including said 
association to said customer. 

8. A part sequmcing system, comprising: 

. a receiver for receiving customer requirements and an indication of the order 
in which tiie requirements will be consumed, 

a database coupled to the receiver for storing the customer requirements and 
tiixe indication of the ord^ in which the requirements will be consmned, . 

a program for generating a packaging sequence based on the customer 
requirenients and the indication of fte order in which the requiremmts will be 
consumed, 

an ou^ut device for commimicating the packaging sequence in order to 
package the customer requirements in a container, 

an ou^ut device for generating a sequence identifier for the container based 
on the order in :which the requirements will be consumed, and 

an input, device for scanning the sequence identifier and an item identifier to 
confirm &e item is ia a proper sequenced container. 

9. The part sequencing system of claim 8, fiirther conctprising a data translator to 
allow the database to communicate with systems communicating using a proprietary 
broadcast protocol. 

10. The part sequencing system of claim 12, Wherem the program utilizes object 
oriented programmiQg. 

11.. A method of sequencing parts, contprising the steps of: . 

receivmg a request for a plurality of items of inventory to be delivered in a 
specified sequence, 

retrieving the items firom inventory, 

packaging the items of inventoiy in a container, 

11 
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labeling the contamer with a sequence identifier, aad 

loading the containers on a vehicle based on the sequence identifier. 

12. The method of sequencing parts of claim 1 1 , wherein the loading of the 
vehicle comprises the step of loading the containers with the lowest sequence 
identifiers first 

13. The method of sequencing parts of claim 11, wherein the loading of the 
vehicle comprises the step of loading the containers with the highest sequence 
identifiers first 

14. The method of sequencing parts of claim 1 1, further comprising the step of 
generating a signal denoting the retrieving of said item from said mventoiy. 

15. The method of sequencing parts of claim 1 1, fiuAer comprising the step of 
scanning said sequence identifier for said items and comparing said sequenced 
identifier for said items with said specified delivery sequence to confinn said 
specified delivery sequence. 

16. The method of sequencing parts of claim IS, further cornprising 4ie step of 
generating an advanced shipping, notice comprising a listing of said sequence 
identifiers for said items for said delivery sequence. 

17. The method of sequencing parts of claim 1 1, wherein the specified sequence is 
directly related to ihe order in which the items are to be consumed in a manu&cturing 
process. 

18. The method of sequendng parts of clafan 1 1, wherem the specified sequence is 
in accordance with a customer assembly sequmce requirement 



12 



wo 01/88816 



PCTAJS0iyi5565 



19. The method of sequencing parts of claim 18, wherein the customer assembly 
sequence requirement is correlated to said customer assembly sequence requirement 
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